In this paper we present an alternative approach to discourse structure according to which topicality is the general organizing principle in discourse. This approach accounts for the fact that the segmentation structure of discourse is in correspondence with the hierarchy of topics defined for the discourse units, Fundamental to the proposed analysis is the relation it assumes between the notion of topic and that of explicit and implicit questioning in discourse. This relation implies that (1) the topic associated with a discourse unit is provided by the explicit or implicit question it answers and (2) the relation between discourse units is determined by the relation between these topic-providing questions.
This study takes topicality as the general organizing principle of discourse structure.1 The structuring function o f topics has been, directly or indirectly, an im portant or even a central point o f investigation in several theories and views about discourse structure ( Polanyi 1988 , Hovy 1990 . Differences exist between them w ith regard to the assumed topic notion, its explicitness and the generality of the structuring function assigned to topics, both w ith regard to structural different levels and different types of structures. The purpose of this study is not to discuss and compare these different points o f view. Instead it proposes an alternative theory in which a uniform topic notion, com prising b o th the notions o f sentence topic and of topic of larger discourse units, is taken as the general basis of discourse structure, The central hypothesis is that a discourse derives its structural coherence from an internal, mostly hierarchical topic-com m ent structure. As far as discourse production is concerned, this structure is the result of w hat is considered to be an essential p a rt o f the discourse production process, namely the process of the contextual induction of explicit a n d /o r implicit [1] Many of the ideas in this study were developed in V an Kuppevelt ( 1991) . T hat research project as well as further extensions of it were supported by two grants from the Netherlands Organization of Scientific Research (NW O). The Editors apologize for the considerable delay in the publication o f this article.
The notion presupposes that a discourse unit U -a sentence or a larger part of a discourse -has the property of being, in some sense, directed at a selected set of discourse entities (a set of persons, objects, places, times, reasons, consequences, actions, events or some other set), and not diffusely at all discourse entities that are introduced or implied by U. This selected set of entities in focus of attention is what U is about and is called the topic of U. In the framework o f this formal characterization the complementary notion of comment is characterized as that which is newly asserted of the topic of U. The notions o f topic and comment are thus related to sentences (utterances) and larger discourse units. In the analysis which we will present, this will result in an explicit formulation of both sentence topics and discourse topics. This will enable us to go beyond what is fairly common in topic-comment research, namely the analysis of sentence topics alone.
Operational characterization
The given formal characterization o f topic and comment is insufficient insofar as the identification o f topics is concerned. We need a selection criterion on the basis o f which topic entities can be adequately distinguished from other discourse entities. To achieve this goal, we will present an operational characterization o f topics.
In topic-comment research several operational characterizations have been proposed to identify sentence topics.6 Besides context-independent characterizations in terms o f merely a s p e c i f i c s y n t a c t i c c a t e g o r y (Chafe 1976) and characterizations in terms of [6] Topic-comment research also provides several identification tests for topic-hood which are not discussed here, for example, the f r o n t in g t e st (e.g. Lakoff 1971 , Kuno 1972 , the 1 a b o u t 1 -c o n t e x t t e s t (Reinhart 1981) , the q u e st io n t e st (e.g. Sgall et al, 1973 ) and the ' a b o u t '-q u e s t io n t e s t (Gundel 1977) .
[7] A s was said in section 2.1, C h afe (1976) identifies that which a sentence is about with the grammatical subject o f the sentence.
[8] In H alliday (1967) the topic (' them e') o f a sentence is identified with the element in sentence-initial position, w ithout any restriction with respect to the syntactic category to which this element belongs or w h at is denoted by an element belonging to this category. Chom sky (1965) identifies a sentence topic with the leftmost NP immediately dominated by S in the surface structure. V alld u vi (1990) , on the other hand, characterizes a sentence topic (' lin k ') as a sentence-initial element functioning as an address pointer.
[9] A ccording to operational characterizations o f topics in terms o f informational status, the topic o f a sentence is identified with the g iv e n / o l d or c o n t e x t u a l l y b o u n d in f o r m a t io n in the sentence. See for exam ple, Prince (1981) and Yule (1980) for an overview o f the different views on the given-new distinction.
q u e s t io n s (for example , Vennemann 1975 , Bartsch 1976 , K lein & Von Stutterheim 1987 . 10, 11, 12 The operational characterization we will propose can be placed in the latter category. This characterization assumes the existence of a direct relationship between the notions of topic an d comment, on the one hand, and of both explicit and implicit questioning in discourse, on the other hand. The basic assumption is formulated in terms o f the following hypothesis.
Basic assumption
Every contextually induced explicit or implicit (sub)question Q p th a t is answered in discourse constitutes a (sub)topic Tp. Tp is th at which is being questioned; a set of singular or plural (possibly non-existent)13 discourse entities (or a set of ordered «-tuples of such entities in the case o f a «-fold question) from which one is selected as an answer to Qp. C om m ent Cp is provided by this answer and names or specifies the entity asked for.
The assumption provides a selection criterion for topic entities: of all the discourse entities th at are introduced or implied by a discourse unit U only those subsets of discourse entities which are made the subject o f explicit or implicit questioning have topic function. In section 6 we will show that questions and the topics constituted by them are not only serially ordered but are in most cases hierarchically organized. Example (1) makes clear what is meant by the basic assum ption.
(1) A : Late yesterday evening I got a lot of telephone calls. Qx B: W ho called you up?
A: John, Peter and Harry called me up.
In this dialogue, a topic is introduced as the result of the contextual induction of the explicit question Qr The topic constituted by that question is that DISCOURSE STRUCTURE, TOPICALITY AND QUESTIONING
[10] Operational characterizations in terms o f questions identify the topic which is related to a question-answering sentence with a variety of things. In for example, Bartsch (1976) and Vennemann (1975) the topic is identified with (one of) the presupposition(s) defined by the question. Klein & Von Stutterheim (1987) on the other hand take as the topic w hat they call the ' alternative' , that is ' the choice between two or more possibilities5 as an answer to the question posed.
[n] In Van Kuppevelt (1991) it is shown that the operational characterizations belonging to the first three types are especially unsatisfactory, because of ambiguities, inconsistencies, counter-intuitive predictions and/or lack of evidence. The operational characterizations in terms o f questions, on the other hand, were felt unsatisfactory mainly because they don't account for the dynamic process of topic constitution and topic tennination which, as we will explain, necessarily involves the phenomenon of subquestioning, A short survey o f the different types o f operational characterizations, including some o f their specific consequences, is presented in Van Kuppevelt (1993) .
[12] The given set o f operational characterizations of the notion o f sentence topic is not an exhaustive one. Steedman (1991) , for instance, provides a (provisional) characterization of a sentence topic (' theme') in terms o f the speaker's assumptions about the subject of mutual interest.
[13] For instance, the non-existence o f plural discourse entities functioning as a topic entity is expressed by answers such as nobody or nothing. They may be represented by an em pty set.
which is questioned, namely who called up speaker A, or, more precisely, the set o f persons that may have rung speaker A at the given time.14 The comment to this topic is provided by answer A v It replaces the whconstituent in the question and specifies the person asked for, thereby selecting a value from the questioned set of discourse entities. If an answer is satisfactory to the listener (questioner), the requested discourse entity has been sufficiently specified for him. Consider example ( According to the basic assumption, the topic of a sentence is determined by the question it answers. This imposes a topic-comment modulation to every non-elliptical question-answering sentence which depends on the question it answers. The topic part (TP) relates to the question, whereas the comment part (CP) contains the proper answer. Consider (3).
(3) (a) (Who hit Bill?) With exception of the elliptical answers all answers show a topic-comment modulation which corresponds to the question th at is answered. As for the (pseudo-)cleft answers this modulation is both syntactically and intonationally m arked (asterisks indicate sentence accents). The accented head o f the clefted part is comment, whereas the complement of the clefted p a rt refers to the question answered. The non-cleft full answers, on the other hand, only intonationally m ark the topic-comment partition. In general, com m ent constituents are taken as the accentable input of accent rules.15 Our context-dependent and question-based topic notion is also a dynamic one.16 According to the basic assumption, topic constitution is determ ined by the contextual induction of explicit or implicit questions. Therefore, every explicit or implicit question that is answered in discourse introduces a new topic. However, the basic assumption does not speak about the dynamics o f t o p i c t e r m i n a t i o n . Obviously, it is not always the case that a topic introduced at some time in the development of the discourse will survive till the end; nor does the introduction of a new topic autom atically imply the disappearance of an old one. In order to account for these and other phenomena of topic termination, we will introduce a dynamic principle (section 6.5.2) which says that a (sub)topic is closed off when the (sub)question by which it was constituted has been answered satisfactorily. We will see that the notion of topic thus defined, i.e. as a context-dependent, question-based and also a dynamic notion, implies a u n i f o r m c o n c e p t i o n o f sentence topics and topics of larger discourse units. B oth types o f topics are defined in terms of questions.17
The basic assumption includes one of the central ideas behind o u r topic notion, namely th at the topic-constituting questions answered by a speaker are usually not explicitly formulated but remain implicit, particularly in monologues. Strong plausibility for this idea can be found in the fact that there is no difference in acceptability and coherence between texts w ith only DISCOURSE STRUCTURE, TOPICALITY AND QUESTIONING [15] Elsewhere I present an account o f the accent patterns o f question-answer pairs ( Van Kuppevelt 1991) , taking Gussenhoven's accent rule S A A R (Gussenhoven 1984 and other publications) as a starting point.
[16] See Van Kuppevelt (1991) for a discourse representational account o f this topic notion in terms o f Seuren's theory o f discourse semantics (Seuren 1985) .
[17] In topic-comment research, differences exist with regard to both the e x p l ic it n e s s and c o n c e p t u a l u n if o r m it y o f the distinction between sentence topics and topics o f larger discourse units. Some authors (for example, Scha andPolanyi 1988) assume only one topic notion which, without explicitly stating it, covers both the notion o f sentence topics and discourse topics. Other authors explicitly assume two notions which are defined in such a way that they are conceptually unrelated. In Van Dijk (1977) , for instance, a sentence topic is identified with an individual entity (or a set of entities or an ordered «-tuple o f entities) about which new information is provided in the sentence. A discourse topic, on the other hand, is defined in terms o f the entailments o f the set o f propositions expressed by the discourse.
implicit questions and those w ith only explicit questions, though the latter soon risk becoming tedious. T ake for instance the monologue in (4a). In (4b) the implicit questions the speaker m ight have answered during the production of this monologue are m ade p a rt o f the actual text in the appropriate positions (angled brackets indicate the implicit character of a question).
Today the w orkers of the Philips com puter division went on strike. They are very w orried about the m anagers5 new economy plans. A ccording to these plans, the managers would consider moving the production section abroad. This would imply that 300 o f all those em ployed in this division would be dismissed. The im m inent dismissal w ould concern the lowest-paid.
A: T oday the w orkers o f the Philips com puter division went on strike.
<Qi> <Why?> Aj They are very w orried about the m anagers' new economy plans.
<Q2> <Why?> A2 A ccording to these plans, the managers would consider m oving the p ro d u ctio n section abroad. <^Q3) <W hy are th e w orkers so worried about this?) A3 This w ould im ply th a t 300 of all those employed in this division w ould be dismissed.
<Q*> <W hy are th e w orkers so worried about this?) A4 T h e im m inent dismissal would concern the lowest-paid.
The set o f implicit questions contributes to an interpretation of the text which does n o t differ in acceptability and coherence from an interpretation which would have been obtained if these questions had been explicitly uttered during the production of the text. The topic notion presupposes a direct relationship between phenom ena that occur with explicit question-answ er pairs on the one hand and the same phenom ena related to sentences which answer an implicit question on the other hand. This implies th a t certain formal characteristics, in particular accent distribution and syntactic form (mainly cleft and pseudo-cleft structures and context-dependent preferences in w ord order),18 also hold for sentences that answ er an im plicit question. As such, these characteristics play an essential role in im plicit q u estio n reconstruction. It can be dem onstrated that a text, with its accent p a tte rn s and syntactic structures, remains equally (4) (a) (b) [18] In the tradition o f the Prague S ch o o l word order is observed as an important (languagespecific) means o f expression o f the topic-comment modulation o f a sentence.
I l 6 acceptable and coherent when the implicit questions reconstructed on the basis of these formal characteristics are made p art of the actual text.1& As for addressee-oriented discourse an implicit question is defined in the following way. A n implicit question is a question which the speaker anticipates will arise in the listener's mind on interpreting preceding utterances (or some non-linguistic events occurring in the discourse). The speaker assumes the listener needs an answer to this question for a fully integrated comprehension and interpretation of the ongoing discourse. The speaker makes his assumptions on the basis of what he knows or expects with respect to the listener's knowledge of background and situation and, of course, also with respect to the listener's likely patterns o f reaction. According to this characterization implicit questioning necessarily implies a m o d e l o f t h e a d d r e s s e e . In this paper, however, we will largely leave undiscussed the way in which these questions arise as the result o f the interaction of given contextual information and a given model o f the addressee. For expository discourse we hypothesize that the production is essentially the result of the contextual induction of explicit or implicit topic-forming questions. Every question-answering sentence occurring in such a discourse is an assertion about a topic which, by definition, is operationally identified with that which is questioned. Though it is n o t a part of the research program, we assume that the hypothesis can be extended to other discourse types.
As for the interpretation of expository discourse, we assume th a t its achievement is essentially a process of topic-assignment. Topic-assignment implies that the hearer assigns topics to the sentences in discourse by taking them to be answers to explicit or implicit topic-forming questions the speaker DISCOURSE STRUCTURE, TOPICALITY AND QUESTIONING [19] This implies that the assignment of another accent pattern to a sentence in a text may correspond to a change in its coherence in terms o f question-answer structure. For instance, if in case o f answer A 2 in (4b) a contrastive accent was assigned to these, making it an appropriate answer to another implicit question <Q2), e.g. < What is the difference between these and the old plans ?>, this would involve a structural change o f the text. This change would consist in the fact that the implicit question (Q 3) would no longer be subordinated to the implicit question <Q2). As will be discussed later, this would mean that answer A 3 would no longer contribute to a satisfactory answer to the implicit question <Qa>.
has answered. In this respect, therefore, discourse interpretation is seen as the reconstruction of the discourse production process. According to the second research-programmatic restriction a question can be derived from a wft-question defining its topic. This is the case when a whconstituent in the topic-defining question is replaced by a value, either by a single definite value functioning as a comment or by indefinite values open to confirmation or choice. Consider first the two corresponding y e s / n o q u e s t i o n s (5a) and (5b). The example is from Bäuerle (1979) . " (Bäuerle 1979) The assigned accent patterns mark that (5a) an (5b) are derived from different w/z-questions behind them. The w/i-question behind (5a) is Who is Dr Livingstone ?; the wA-question behind (5b) is Who are you ? The derivation of (5a) and (5b) requires that the wA-constituents in the questions behind them are replaced by a corresponding value which has to be confirmed or denied by the addressee. Just like comment constituents, a w/z-replacing constituent is candidate for accent assignment. The topics defined for the yes/no questions in (5) are identical to the topics of the wA-questions from which they are derived. Subject of questioning is who is Dr Livingstone and who is the addressee, respectively. The yes/no questions differ from the corresponding wA-questions in the fact that the questioner himself suggests a value to be comment.
In an analogous manner the a l t e r n a t iv e q uestio n (6) The derivation implies that one of the w/i-constituents is replaced by a definite value which provides a partial answer or comment to the two-fold question. As a consequence the two-fold question is reduced to a simple question. As in the preceding cases, the topic o f this question is determined by the wA-question behind it,
T h e i n i t i a t i o n o f q u e s t i o n i n g i n d i s c o u r s e -f e e d e r s
Explicit and implicit questions that constitute a topic do not arise without a cause. They are contextually induced by a linguistic or non-linguistic event, which we will call a feeder . If it is linguistic, a feeder Fn is a topicless unit of discourse, e.g. a single sentence, or one whose topic is no longer p r o m in e n t at the moment of questioning. In this 
Assuming that this discourse starts with an 'empty' context, the opening sentence Fx functions as a feeder. It gives rise to the contextual induction of the explicit question Qr Given this assumption, Fx itself is topicless because it doesn't constitute an answer to a topic-forming question.
A non-linguistic feeder, on the other hand, is an event which occurs or is thought about in the speech situation and which is perceived by at least one of the discourse participants. For instance, an auditively perceived event occurring in the situational context in which the discourse is uttered. An example is (9). [20] In some cases it is internationally marked whether a topic is defined for an opening sentence, namely when the assigned accent pattern expresses a topic-comment modulation.
In spite of the fact that non-linguistic feeders frequently occur in discourse* from now on we will only consider feeders of the linguistic type. The introduction of a (linguistic) feeder has a specific function, namely to initiate or re-initiate the process of questioning in discourse. A feeder must be introduced when the context is empty or when no more questions are induced by the preceding context and the discourse participants wish to continue the conversation. Consider the discourse in (10). The sentence John is ill functions as an answer, thereby contextually restricting the set of indeterminacies in such a way that the last three questions in (n b ) will not be induced, unless the answer functions as a new feeder after having functioned as an answer to the main question Qx.21
. T o p i c -c o n s t i t u t i n g q u e s t i o n s
Explicit and implicit questions which are asked as the result of a feeder have a special, autonomous status in discourse. They introduce a questioning in discourse which, in hierarchical and functional terms, is independent of other questionings. They function as higher order questions which are neither subordinate nor subservient to preceding or future questions in discourse. By
[21] The argument made here provides evidence for the view that no actual topic is defined for a sentence functioning as a feeder. If this would be the case, the sentence would form an answer to an implicit topic-forming question implying that the set of questions that can be asked as a result of this 'feeder' is contextually restricted by this higher-order topicforming question. However, as illustrated by the examples (11) and (11)', a feeder provides a contextually unrestricted set of indetermanicies and does not impose any contextual restrictions on the set of topic-forming questions it may give rise to.
definition the topics they constitute are also hierarchically and functionally independent of other topics in discourse. Explicit and implicit questions asked as the result of a feeder are called t o p i c -c o n s t i t u t i n g q u e s t i o n s . As the term indicates, such questions introduce a topic in discourse. Topic-constituting questions are formally defined in the following way.
Definition
An explicit or implicit question Qp is a topic-constituting question if it is asked as the result of a set of preceding utterances which at the time of questioning functions as a feeder.
Examples of explicit topic-constituting questions are Qx up to and including Q4 in example (12a). In (12a) all explicit questions are asked as the result of the opening sentence Fj which functions as feeder. The discourse (12a) does not change in acceptability and coherence if these questions had been implicit, in which case they would have been anticipated by the speaker. The structure in (12b) represents the question-answer structure o f the discourse in (12a). This representation expresses the linear, non-hierarchical structure of the questions that were answered in that discourse. It shows that not one single question is embedded within another question.
Central in the procedure for generating a representation of a questionanswer structure of a discourse is the c o n t e x t o r i e n t a t i o n of a question. In the representations the context orientation of a question is indicated by a horizontal line. An answer, on the other hand, is directly attached under the question it answers. A subscript added to one of the connected elements in a representation -to a feeder, a question or an answer -refers to the sequential order of that element in the process of questioning.
Explicit and implicit topic-constituting questions play a leading role in the development of discourse. They impose a restriction upon the development of the discourse at hand. This restriction implies a p r o g r a m that must be followed and implemented for the discourse to come to a satisfactory end. The program consists in the specific task, to be carried out by the speaker, of providing an answer to the question which is satisfactory to the listener.22 Since the answering process often proceeds in stages, such a program may stretch over a considerable amount of discourse. In the next section we will see in which specific way such a program is carried out, making explicit the central function of subquestions in the discourse production process.
. S u b t o p i c -c o n s t i t u t i n g s u b q u e s t i o n s

Definition
Not every question that is answered in discourse introduces a questioning which is independent of other questionings in discourse. Questions which have no autonomous status in discourse are subquestions. The questionings they introduce are hierarchically subordinate to questionings introduced by preceding questions because of their function: they are subservient to a program imposed on the development of the discourse by a preceding topicconstituting question. As said earlier, such a program consists of the specific task of providing a satisfactory answer to the topic-constituting question.
The contextual induction of a subquestion is essentially the result of an u n s a t i s f a c t o r y a n s w e r to a preceding question. When a topic-constituting question has been answered unsatisfactorily, it will give rise to a subquestion which, if also answered unsatisfactorily, gives rise to a further subquestion, and so on recursively, until the original, topic-constituting question has been answered satisfactorily.23 An example which illustrates this notion of subquestion is presented in Question-answer structure:
The satisfactory answer to the topic-constituting question Qx is realized in stages by means of subquestions Q2 and Q3. Subquestion Q2 is contextually induced as the result of the unsatisfactory answer A 1 to the topic-constituting question. However, the answer given to subquestion Q2 is also unsatisfactory, so that at that moment in the development of this discourse the topicconstituting question Qx is still answered unsatisfactorily. This then gives rise to subquestion Q3. The example illustrates that the subquestions are subservient to the program associated with the topic-constituting question, namely the providing o f a satisfactory answer to that question. In (13a) subquestion Q2 is a direct subquestion of the topic-constituting question Qa. Subquestion Q3, on the other hand, is a direct subquestion of subquestion Q25 but an indirect subquestion of the topic-constituting question Qv It contributes to a satisfactory answer to subquestion Qa in a direct way, but only indirectly to a satisfactory answer to the main, topicconstituting question. The hierarchical relations between these questions can be read from the representation of the question-answer structure of this discourse, which is presented in (13b).
Explicit and implicit subquestions constitute a subtopic that is hier archically ordered under the (sub)topics constituted by preceding questions.
In view of what we said above subtopic-constituting subquestions are formally defined in the following way. The nature of the unsatisfactoriness of an answer At can be different. Aj can be unsatisfactory in a q u a l i t a t i v e and/or a q u a n t i t a t i v e way. If quantitative, not all elements of the topic set defined by the question will have been specified by Aj. In this case the subquestion induced is asked with the purpose of realizing a quantitative completion to A,. An example is answer Ai in ( 14). On the other hand, if the unsatisfactoriness is qualitative, one or more elements specified by A, need elucidation. In this case the aim of subquestioning is not to provide a quantitative but a qualitative completion to Aj. Examples are A 1 in (13a), (15a) and (16a).
Two types of subquestions
An answer may be unsatisfactory for two reasons, A division is made here into two types of subquestions, corresponding to two different possible 
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The representation of the question-answer structure in (15b) shows that, contrary to the subquestions in (13b), subquestions Q2 and Q3 are paratactically ordered under the topic-constituting question Qv According to the definition of subquestions, Q3 is not a subquestion of Q2 because it cannot be characterized as asked with the purpose of providing an informational completion to the answer given to subquestion Q2.
A discrepancy-solving subquestion results from a (supposed) detection of a discrepancy of an answer with given contextual information and/or existing background knowledge. A discrepancy-solving subquestion is Q2 in example (16). (16) 
The subquestion is asked as the result of the sufficient but unsatisfactory answer to the topic-constituting question Qr The answer is unsatisfactory because, in view of the subquestion asked, it has given rise to a discrepancy with existing background knowledge, possibly verbally expressed by the questioner (see the linguistic material between brackets). The subquestion is asked to find a solution to the discrepancy. When the discrepancy is solved and no more subquestions arise, the answer to Qx seems to have become satisfactory, that is both a sufficient and discrepancy-free answer for the questioner.
Hierarchical control o f subquestions and subtopics
We already said that subquestions have no autonomous status in discourse, but are subservient to a program imposed on the development of the discourse by a preceding topic-constituting question. The contextual induction of a subquestion is thus not free but c o n t r o l l e d , in a technical sense, by preceding questions in the discourse. Question control implies that the question induced is not an arbitrary one, but rather one which contributes to the completion of the program in course. Question control is thus carried out by a preceding unsatisfactorily answered topic-or subtopic-constituting question. Because it is inherently connected with subquestions we will define this notion accordingly. By definition this implies that if Qp-----► Qq, Qq can be characterized as a question which is asked with the purpose of completing the unsatisfactory answer to Qp. Question control is either direct or indirect, depending on whether there are one or more intervening questions.
Question Control
Because of the relationship between (sub)questions and (sub)topics the notion of topic control is defined correspondingly.
Topic Control
A topic Tp controls (the constitution of) a topic Tq(Tp--► Tq),
iff Qp->Qq.
The control relations between questions and the control relations between topics can be read directly from the representations of the questionanswering structure and of the topic-comment structure of discourse respectively. The representation of the topic-comment structure of discourse is obtained by mapping under the general topic-comment function f QjA every explicit and implicit question Q p that occurs in the representation of the question-answer structure to topic Tp which is defined by that question, and mapping under the same function every question-answering sentence Ap to the comment Cp which it provides. According to this mapping procedure the representation of the hierarchical question-answer structure in (15b) results in a representation of the topic-comment structure as is shown in (15b)'.
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6.4 Two principles
Principle o f Recency
We distinguish two principles which guide the process of explicit and implicit subquestioning: the p r i n c i p l e o f r e c e n c y and the d y n a m i c p r i n c i p l e o f t o p i c t e r m i n a t i o n . This section will focus on the former principle. In the next section we will discuss the latter one,26
The Principle of Recency concerns the context orientation and related contextual induction of explicit and implicit subquestions. The principle indicates the order in which subquestions are contextually induced. It is defined in the following way.
Principle of Recency (PR)
In a well-formed discourse every explicit or implicit subquestion Qp is asked as the result of an answer Ap_n, which is the most recent unsatisfactory answer to a preceding question Qp_n.
In cases in which the questionings in discourse remain implicit, a test for PR requires the explication of the assumed implicit questions.
PR is illustrated by the order of the explicit subquestions in example (17a). The representation of the question-answer structure of this discourse is presented in (17b). It can be read from the representation that, at the moment question Q2 is answered, the discourse contains two unsatisfactory answers to preceding questions, namely A l and A2. These answers are unsatisfactory because each of them gives rise to a new subquestion. In agreement with PR, subquestion Q3 is asked before subquestion Q4 is asked, because at the moment of questioning answer A 2 is the most recent unsatisfactory answer to a preceding question* Evidence for PR consists in the fact that it cannot be violated. Every attempt at violating it automatically results in either unwellformedness or in a reinterpretation of the discourse in such a way that the principle is again observed. Consider the following variant of (17) in which such an attempt is made. The questions Q3 and Q4 correspond to the questions Q4 and Q3 in (17), respectively. The questions (and also their context orientation) are the same, only the order in which they are asked is different. A Though the changed order does not make this discourse unwellformed it has the result that question Q4 (Q3 in (17)) cannot be observed as a subquestion anymore. It has become a new topic-constituting question which realizes a topic shift. It is asked as the result of the answer to question Q2 which, at the time of questioning, functions, in a technical sense, as feeder for the contextual induction of this question (the double function of a sentence is expressed by the slash notation -see (17)')-This means that question Q4 cannot be characterized as a question asked with the purpose of adding something (in an indirect way) to the reason why it is sensible for Tom to buy a car now. However, question Q4 would be a subquestion if the topics defined by Qx and Q2 would be reactualized, for example, by referring to the relevant part of the old context. In the last section, where a classification of topic shifts is presented, we will elaborate on the type of topic shift that is realized by question Q4.
Strong support for the view that in (17/ question Q4 forms a new topicconstituting question is the fact that, in contrast to the same question Q3 in (17), it may be preceded by the phrase By the way without becoming inappropriate. This topic shift marking phrase indicates that the question to which it is added is not a part of the program initiated by the preceding topicconstituting question Q2 and thus that the question is asked as the result of a part of the preceding context (A2) of which the topic has already been closed off. Because of the fact that in (17) the same question functions as a subquestion, the addition of the topic shift marking phrase has the result that it becomes inappropriate in the given context. In section 6.5 we will propose a general test to determine hierarchical relations in discourse.
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Dynamic Principle o f Topic Termination
According to the basic assumption (section 2.2), the dynamics of topic constitution are essentially determined by questioning: every contextually induced explicit and implicit (sub)question that is answered in discourse constitutes a (sub)topic. However, once a (sub)topic has been constituted, its actuality is not always preserved until the end of discourse. Like the process of topic constitution, the process of topic termination is dynamic.
But what determines topic termination? The introduction of a new (sub)topic certainly does not mean that in all cases the old topic or subtopic loses its actuality in discourse. What we need, therefore, is a principle that accounts for the process of topic termination. The principle we introduce, called the Dynamic Principle of Topic Termination, is directly formulated in terms of the notion of satisfactory answer to a question. It accounts for the standard cases in which topic termination does not result from a disturbance of the questioning process, due to epistemic limitations, disruptions, etc.
Dynamic Principle o f Topic Termination (D PTT)
If an explicit or implicit (sub)question Qp is answered satisfactorily, the questioning process associated with it comes to an end. As a consequence, topic Tp(Tp = fQ/A(Qp)) loses its actuality in discourse.
Satisfactory answers to the two types of subquestions mentioned earlier, namely adequacy-oriented subquestions and discrepancy-solving sub-questions, will consist in more (for example, clarifying or supportive) information and a solution of the discrepancy, respectively. As is argued for in Van Kuppevelt (1994b) satisfactory answers imply unique determination of that which is asked for by the question, as a consequence of which the contextual induction of (further) subquestions is blocked.
The way in which DPTT rules the process of topic termination can be expressed most clearly by making explicit one of its main implications, namely t o p i c c o n t i n u i t y i n c a s e o f s u b q u e s t i o n i n g . DPTT implies that a (sub)topic constituted by a (sub)question is continued as long as subquestions of that question occur in discourse. The occurrence of subquestions indicates that a preceding question is not yet answered satisfactorily. According to DPTT the topic constituted by that question is then continued.
We will illustrate the phenomenon of topic continuity in a schematic way by showing, in terms of question-answer structure, the relevant steps in the development of a hierarchically structured discourse. Let us take the discourse presented in example (17a). The relevant production steps of this discourse are presented in ( i 8b)'. Given our assumption, Ax up to and including A4 together form a satisfactory answer to the topic-constituting question Qr A slash through a question symbol marks that the corresponding question is answered satisfactorily and that as a consequence, according to DPTT, the topic constituted by it is closed off.
Production step (i) shows that at the time subquestion Q3 is asked none of the preceding questions is answered satisfactorily. According to DPTT the topics defined by Qx, Q2 and Q3 are still actual. The answer to question Qa -see production step (ii) -results in loss of actuality for the topics constituted by Q2 and Q3S in agreement with DPTT. At this stage in the development of the discourse, both subquestions have already been answered satisfactorily. Subquestion Q2 has been answered satisfactorily because no more sub questions of it arise in the discourse. Subquestion Q35 on the other hand, has been answered satisfactorily because its answer does not give rise to the contextual induction of a subquestion at all. In production step (iii) a new subtopic is constituted by subquestion Q4. When this question is answered satisfactorily -see production step (iv) -the topic-constituting question QL is also answered satisfactorily, so that in agreement with DPTT all topics have lost their actuality in the discourse. Beside the fact that DPTT accounts for the process of topic termination, it is also relevant with respect to the recency principle PR, for which it provides an explanation. In example (17)' we saw that our attempt to violate PR was not successful It led to a reinterpretation of the discourse such that this principle was again observed. The question asked as the result of the answer to subquestion Q2 was reinterpreted as a new topic-constituting question. Let us repeat here the question-answer structure we have discussed.
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Subquestion Q3 is asked as the result of the answer A x to the topicconstituting question Qr According to PR, A x must be the most recent unsatisfactory answer to a preceding question. This implies that at the time subquestion Q3 is asked, subquestion Q2 is already answered satisfactorily. According to DPTT the subtopic defined by Q2 must have lost its actuality in the discourse then. For this reason question Q,j is not a subquestion but a new topic-constituting question asked as the result of answer A2. Because this answer has turned into a topicless sentence, it functions as a feeder in a technical sense. A last relevant point is that DPTT allows one to compute whether, and to what extent, the resolution domain of a given sentence-external anaphor is restricted on t o p ic a l g r o u n d s . The issue of topical restrictions on sentenceexternal anaphors is (indirectly) prominent in, for example, Grosz (1978 and other publications) and Reichman (1978) . It is argued and illustrated by these authors that a discourse reveals a hierarchical structure of discourse segments, for each of which a topic could be presupposed. The restrictions are directly characterized in terms of discourse structure which, according to the present study, reflects the topic-comment structure. However, the notion of topic-comment structure is not formally and operationally defined by the authors. In our framework the explication of this notion is central. It is argued that the topic-comment structure of discourse is the result of the process of explicit and/or implicit questioning.
Without going into detail, the point made here with respect to topical restrictions on sentence-external anaphora resolution is schematically as follows.27 Let us assume we have three succeeding discourse units IP*, UTa, and Ut 3, where the superscripts indicate the topic defined by the question which the corresponding discourse unit answers. In UTa a pronoun P occurs, PCX in U Tl and PC2 in U Ts are potential candidates for anaphoric resolution of P.
The resolution domain of P is restricted to PC^ only if, at the moment that P is introduced, in agreement with DPTT, topic T2 of the intervening discourse segment U Ta has lost its actuality in the discourse. In that case, the attention of the discourse participants is not directed to what is said or implied by UT2 because the question answered by this discourse unit is closed off. This can only be the case when the topics of UTz and U T;j are p a r a t a c t ic a l l y ordered as direct subtopics of the topic defined for U Tl.
Testability o f subordination relations
In this section we present a test the main function of which is to distinguish operationally subquestions from higher order questions. This test enables us to determine the existing subordination relations between explicit(ated) non-ambiguously formulated questions in discourse. In an indirect way it also functions as a test for the identification of feeders. A question has functioned as a topic-constituting question if after the application of the test it has turned out that this question is not a subordinate one. By definition, the linguistic or non-linguistic event to which this question is directed has functioned as a feeder. The test we propose is called the Subordination Test.
Subordination Test (ST)
An (unambiguously formulated)28 explicit or explicitated implicit question Qq is a subquestion of a preceding question Qp iff, according to the addition of a test sentence S indicating the closure of the preceding topic Tp (Tp = fQ{A(Q,)), Qq becomes inappropriate. S is added just after the (relevant part of the complex) answer to question Qp and has, for instance, the following form: I now understand (without discrepancy) <QP>, where is a linguistic representation of Qp.
ST is functional when the discourse in question lacks overt markings of topic termination. When these markings are absent the application of ST, especially the addition of a test sentence S, forces the closure of a preceding topic. This makes a following question inappropriate if it elaborates on this topic. Obviously, every other test sentence (or test phrase) which fulfils the same function, namely the closure of the preceding topic, is in principle adequate. A reason to use an alternative is that its use may be less artificial in the particular context to which it is added. Applications of ST are presented in (20) . Here the test is applied to the preceding example (15) with the purpose of yielding all the existing subordination relations between the explicit questions occurring in that discourse. The inappropriateness of the questions Q2 and Q3 in (20a) and (20b) respectively implies that these questions must be subquestions of question Qr As a consequence, Qx is a topic-constituting question asked as the result of feeder Fv Subquestion Q3 in (20c), on the other hand, is appropriate in the given context. ST predicts then that it is not subordinated to subquestion Q2. ST is also an adequate means of identifying topic shifts. In case of a topic shift, the topic-constituting question defining the new topic is not subordinated to the one associated with the old topic. Let us take the following extended variant of (20) Where can I buy a monkey-wrench around here? A4 A: At the plumber's shop. Q5 B: Where is it? A5 A: In the shopping centre just around the corner.
According to ST, question Q4 is not a subquestion of the preceding topicconstituting question Q1. Further applications of ST will also show that Q4 is neither a subquestion of Q2 nor of Q3. It can be concluded, therefore, that Q4 is a new topic-constituting question which accomplishes a topic shift. It is induced by the preceding discourse which, as a whole, functions as a new feeder.
. D i s c o u r s e t o p i c s
Until now we have made a distinction between topics and subtopics. In addition to these types of topic of a higher order must be also distinguished. This type of topic is called a d isc o u r se t o p ic . It is defined in terms of topics constituted by topic-constituting questions.
Definition
A discourse topic DTi is defined by the set of all topics Tp that are constituted as the result of one and the same feeder Fj (DTj = {Tp | Tp constituted a.r.o. FJ). As such DTj is a set of main, higher order topics usually hierarchically comprising lower topics.
By definition, topic and discourse topic coincide if, as the result of a given feeder, only one topic is constituted ({Tp}: = Tp), The discourse topics of, for instance, examples (13), (15) and (16) are configurated in this way.29
The discourse topic of example (21), on the other hand, is determined by two topics, namely those which are constituted by the topic-constituting questions Qx and Q3: The discourse topic is the set of topics defined by these questions, namely people's reaction to the outcome of the investigation and the consequence of this outcome. In cases where a discourse contains more than one discourse topic, we say that the internal topic-comment structure (and related question-answer structure) of that discourses is d is c o n t in u o u s . In that case the discourse can be divided into two or more segments which are mutually incoherent in structural terms. Our definition of the notion of discourse topic implies that a discontinuous topic-comment structure always contains more than one feeder. A discontinuous topic-comment structure is defined for the discourse in example (io).30 Whereas topics and subtopics are always constituted in one production step involving the contextual induction of a (sub)question, the constitution of a discourse topic can take several production steps. This leads to a formal
[30] Apart from these so-called unembedded structural discontinuities we distinguish embedded discontinuities. As shown in Van Kuppevelt (1994a) the latter constitute intervening side structures which result from a temporary topic digression, causing deviations from the main structure o f the discourse.
distinction between b o u n d d is c o u r s e on the one hand and f r e e , u n b o u n d o r s p o n t a n e o u s discourse on the other hand. The definitions are as follows.
Bound discourse
The main structure of a bound discourse is determined by one leading discourse topic D T 1 constituted in one production step at the beginning of the discourse. The development of such a discourse is, with regard to its main structure, from the beginning bound programmatically by the set of topic-constituting questions defining DTr
Free (unbound, spontaneous) discourse
The structure of a free discourse, on the other hand, is determined by a set of discourse topics {DTl5..., D T J containing one or more discourse topics (n ^ i), of which the constitution takes several production steps. The development of a free discourse is thus not bound programmatically by a single discourse topic-defining set of topic-constituting questions which have arisen in one step at the beginning of the discourse.
For a bound discourse it holds that, if topic and discourse topic coincide, the discourse forms an answer to one topic-constituting question. If, on the other hand, topic and discourse topic are different, the discourse answers a question consisting of a conjunction of topic-constituting questions. The topics defined by this question are constituted in one production step. The discourses in examples (10) and (21) belong to the category of free discourse. For (10), two discourse topics are defined. Both coincide with a topic-constituting question. For (21), on the other hand, only one discourse topic is defined. However, the constitution of this discourse topic takes two production steps, in each of which a topic-constituting question is asked.
Typical examples of bound discourse are n a r r a t iv e s . In Klein & Von Stutterheim (1987) it is argued that in discourses of this type the main structure is determined by a single (usually implicit) question, called the 'quaestio5 of the narrative.31 This is a specific question which accounts for the sequential order of the events communicated in the main structure of the narrative. It is demonstrated, without assuming this main structure to be hierarchical, that the utterances which belong to it together form an answer to the main question. In terms of our framework this question is a topicconstituting question defining the discourse topic of the leading part of the discourse. All other questions belonging to this part are directly or indirectly controlled by that question, because, through being answered, they are DISCOURSE STRUCTURE, TOPICALITY AND QUESTIONING subservient to the program that is associated with this question. Intervening utterances which do not belong to this main part of the narrative, but which are nevertheless related to it (comments, evaluations, etc.) , are in our framework analyzed as realizing a temporary topic digression which may also be hierarchically structured. Another discourse type which pre-eminently belongs to the category of bound discourse are t a s k -oriented d ia l o g u e s . As with narratives, the sentences belonging to the main structure form together an answer to, usually, a single explicit or implicit topic-constituting question (e.g. How can I replace the flat tyre on my car?). This is a specific question expressing the main task communicated in the discourse. Subquestions, on the other hand, express subtasks (for example, the related subquestion How must I loosen the nuts?). They are subservient to the program associated with the topicconstituting question.32
. H i e r a r c h y o f s t r u c t u r a l u n i t s i n d i s c o u r s e
The model of discourse structure presented here implies that a discourse is segmented according to a hierarchy of structural units which corresponds to the following topic hierarchy in discourse.
Topic hierarchy in discourse Discourse topics > Topics > Subtopics
At the highest level a discourse is segmented in structural units for each of which a discourse topic is defined. As has been said earlier, these structural units are mutually unrelated insofar as discourse structure is concerned. Each of these structural units is itself segmented into one or more smaller, but structurally related, discourse units for which a topic or subtopic is defined. The relations between these subsegments are inclusion relations which correspond to the existing hierarchical relations between the (sub)topics defined for the subsegments.
The internal segmentation structure of discourse topic units can be demonstrated by representing the question-answer structure of discourse not, as above, in terms of the context orientation of the (sub)questions, but in terms of its segmentation according to the topic hierarchy. This results in the representation (22a) for a discourse like (21), or its flat structure variant
[32] It is argued in Grosz (1978 and other publications) that the structure of a task-oriented dialogue reflects the structure of the task communicated in it. Our theory is not in disagreement with this view» but takes the structure of such a dialogue to be basically a question-answer structure reflecting the task structure in the main part of the dialogue,
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DISCOURSE STRUCTURE, TOPICALITY AND QUESTIONING in (22b). A visualization of the segmentation structure is presented in (22c).
(22) (a) ________________U™,_______________
UDTi represents the discourse unit for which discourse topic D TX is defined. This discourse unit coincides with the discourse as a whole. U T% UTs and UTa represent the discourse units for which the defined topics are Tls T2 and T3 respectively.
T o p i c s h i f t s
A final point we will consider are topic shifts. As the central hypothesis of the present framework suggests, a topic shift implies a transition from one discourse unit to another. However, the discourse units involved can be of structurally different types, depending on whether or not the new discourse unit has a new discourse topic defined for it. For that reason, at the highest level a subdivision is made between topic shifts realized under the same feeder and those realized under successive feeders. By definition, only the latter bring about a change of discourse topic.
called associated, because the question defining the new topic is associated with a part o f the preceding discourse which, depending on the function it fulfils, has an actual topic defined for it.
The sentence which answers the topic-constituting question Qx takes not one, but two functions in the development of the discourse. Firstly, it functions as an answer to Q1? in which case a topic is defined for this sentence. Thereafter, from the moment the new topic-constituting question Q2 is asked, it functions as a feeder in a technical sense. Assuming that at that point the sentence forms a satisfactory answer to Q1? in accordance with DPTT, the topic that is defined for it is closed off. It has thereby changed into a topicless sentence. By definition, a sentence (utterance or set of utterances) functions as a feeder in a technical sense if the topic that is defined for it is no longer prominent at the moment of questioning. This is the case if either, in accordance with DPTT, this topic lost it actuality in the discourse or, as is explicated in Van Kuppevelt (1991) , it is pushed aside by a topic digression.
An associated topic shift has the result that the question-answer (or corresponding topic-comment) structure of the discourse is divided into two overlapping structural units that are structurally unrelated. In (23b) these structural units are indicated by the boxes (a situation is presented in which question Qj has been answered satisfactorily). The overlap is the result of sentence A1/ F 2 which, as we have seen, has a double function in the development of the discourse. A corresponding flat structure representation of the segmentation structure of this discourse is presented in (23c).
In contrast to an associated topic shift, a non-associated topic shift results from the introduction of a new feeder 'from outside' so to speak, as when a newsreader on radio or TV starts a new topic, switching from one crisis to another. A topic shift of this type occurred in example (10).
A topic descending shift is a special case of an associated topic shift which involves a change of status: a subtopic under an old topic becomes the new topic. This typically occurs in cases of failed transitivity in the control relation between questions, that is, when, given three successive questions Qm . Q" and Qn is a subquestion of Q^j ^^0 ^ subquestion of but is not a subquestion of Qm. The situation is exemplified in (24). The application of ST to this dialogue implies that Q3 is a subquestion of Q2 but not an (indirect) subquestion of Q r When question Qa is asked, a topic shift is realized from topic Ta which is defined by question Qt to topic T2 which is associated with question Q2. Topic T2 formed a subtopic of topic T v When question Q3 is asked, the status of this subtopic has changed in the new topic.
Like an associated topic shift, a topic descending shift results in the division of the question-answer structure of discourse into two overlapping structurally unrelated units. However, in this case the overlap is larger because both the sentence A 1/F 2 and the question-answer pair Q2-A2 have a double function in the development of the discourse. In (24b) the units are again indicated by boxes (as in (23b) a situation is presented in which question Qx has been answered satisfactorily). In (24c) the representation of the corresponding segmentation structure of this discourse is presented.
C o n c l u s i o n
In this paper we have presented an alternative approach to discourse structure, one which assumes that topicality is the general organizing principle in discourse. According to this approach, the segmentation structure of discourse corresponds with the hierarchy of topics defined for the discourse units. Fundamental to the given analysis was the relation between the notion of topic and that of explicit and implicit questioning in discourse. It has been shown that this relation implies the following: firstly, that the topic associated with a discourse unit is provided by the explicit or implicit question it answers, and secondly, that the relation between discourse units is determined by the relation between these topic-providing questions.
A procedural account has been given implying that the topic-comment structure underlying the hierarchy of structural units in discourse results from the process of the contextual induction of explicit and implicit topic-forming questions. We distinguished three basic functional parameters in this process, namely: feeders, topic-constituting questions, and subtopic-constituting subquestions. Together, they give rise to discourse units of the highest structural level for which a discourse topic is defined. However, we have demonstrated that the three different types of topics defined for the structural levels we distinguished underly a uniform topic notion comprising both that of sentence topic and discourse topic. A discourse topic has been analyzed as a (set of) higher-order sentence topic(s) the actuality of which is continued in discourse as long as subordinated topics arise as the result of subquestioning, DISCOURSE STRUCTURE, TOPICALITY AND QUESTIONING
